This work supports further the thesis that under conditions of water stress, ceUl water content may supersede hormonal regulation in effecting enzyme activity, thus becoming a regultory factor in celular metabolism. Addition of NaCI to the root medium of barley plants (ffordeum vulgare L.) markedly increased leaf RNase activity parallel to an increase of leaf water saturation deficit (WSD). Kinetin and abscisic acid, applied to the salinated plants, also modified RNase activity, as wel as leaf-WSD. The familiar pattern of effects of these hormones on leaf RNase as well as leaf chlorophyll content was inverted, kinetin effected a relative increase in RNase activity and a decrease in leaf chlorophyll, whereas abscisic acid effected a relative decrease in RNase activity and maintained chlorophyll content. A close relationship between enzyme activity and leaf WSD became evident when leaf RNase and protease activities in the salinated plants were plotted against leaf WSD. This close relationship was maintained irrespective of the hormonal treatments, which in themselves markedly modified leaf WSD. As predicted, high relative humidity which relived the leaves from salt-induced water stress prevented the salt-induced rise in RNase activity.
In a recent report (1), we suggested that, in leaves of plants exposed to water shortage, RNase activity is regulated, at least partly, by leaf water content. This was based on our finding that in plants exposed to increasing water shortage induced by drought, cellular water content supersedes the effects of hormones in regulation of RNase activity. This thesis is now further supported by results of experiments carried out by three additional approaches: (A) study the response of plants treated with either kinetin or ABA to water shortage induced by NaCl. This approach was based on the following findings. (a) Leaf RNase activity is enhanced by water stress induced by increased osmoticum of the root medium (4, 10) . (b) RNase activity is also modified by kinetin and ABA, the former effecting its decrease and the latter its increase (3, 12, 21, 22, 24) . (c) Kinetin and ABA are known to have contrary effects on the water status of the plant, kinetin decreases hydration by increasing transpiration and reducing root pressure (14) while ABA effects the opposite -increasing plant hydration (8, 13, 16, 17) . According to our thesis (1) , since NaCl modifies cell water, leaf RNase activity would be regulated and modified in a pattern similar to that effected by drought (1). (B) The effect of leaf water shortage and of both hormones on the activity of another proteolytic enzyme, protease. We questioned whether cellular water content supersedes the effects of hormones in regulation of enzymes other than RNase.
(C) The effect of relative humidity on RNase activity in osmotically stressed plants. This approach was based on the observation that high RH' was reported to relieve the suppressive I Abbreviations: RH: relative humidity; WSD: water saturation deficit.
effects of salinity on growth of salt-treated cotton plants (6, 19) and to prevent the increase in their leaf ABA content (18 Relative Humidity. High relative humidity was close to 100% and was maintained as described previously (18) . Low relative humidity was in the range of 40 to 60%, as prevalent in the greenhouse during the experiments in the summer.
Application of Hormones. Solutions of kinetin or cis,trans-ABA, were added to the root medium to make final concentrations of 4.6 x 10-6 M and 3.8 x 10-6 M, respectively, 48 hr prior to addition of NaCl.
Water Content. Leaf water content was estimated by measuring the WSD in 1.5-cm long leaf sections taken 3 cm from the apex of the first leaf of each of five plants. WSD was calculated according to Stocker (23) . Leaf water potential was measured according to the liquid equilibration method, as described by Kramer (11) , in 1.5-cm long leaf sections taken 3 cm from the apex of the first leaf of each five plants. The Chloride Determination. Chloride content in the first leaf tissue was determined by a chloridometer (Buchler Instruments), with a solution containing 0.4% HNO3, 10% acetic acid, and 0.05 ml of gelatin.
Chlorophyll Determination. Chlorophyll content in leaf tissue was estimated in 9-mm discs excised from the middle of the first leaf of each of five plants. Chlorophyll was extracted with dimethylformamide and the absorbance of this extract was determined at 665 nm (2) . Leaf Enzyme Activity. (a) RNase: first leaves were frozen in liquid N2 and homogenized with 0.1 M phosphate-buffer (pH 6) with chilled pestle and mortar. The homogenate was filtered through Miracloth at 2 to 4 C and was used as the enzyme preparation. RNase activity was assayed by a modified method of Tuve and Anfinsen (24) as described previously (1). It. was CELL WATER AND ENZYME ACTIVITY expressed as AA260/g saturated weight. (b) Protease: leaves were chopped into ice-cold solution containing 0.5 mm tris buffer (pH 8), 3.5% NaCl, and 5 mm dithioerythritol and then homogenized with chilled pestle and mortar. The crude homogenate was filtered through Miracloth at 2 to 4 C, and the solution was centrifuged at 40,000g for 30 min. The supernatant fluid was used as the enzyme preparation. The assay mixture consisted of 1 ml containing 25 mm tris-HCl buffer, pH 7.5; 0.25 ml of 4% hemoglobin in water as substrate and 0.5 ml enzyme solution. After incubation of 1.5 hr at 40 C, the reaction was stopped with 0.25 ml of 40% cold trichloroacetic acid, and the tubes were left for 30 min in ice. The reaction mixture was then centrifuged at 750g for 2 min, and 0.1 ml of the supernatant fluid was then analyzed for a-amino nitrogen as described by Martin and Thimann (15) . Protease activity was expressed as nmol a-amino nitrogen released/ hr by 0.5 ml of enzyme solution, calculated from a standard curve of L-glycine used as a reference.
Abscisic Acid Determination. ABA was extracted from the lyophylized leaf material, and the content of cis,trans-ABA in the extract was determined as described by Mizrahi et al. (18) , except that the reagents used for chromatography and elution were redistilled.
Each experiment was repeated at least three times yielding similar results. The data given represent one typical experiment.
RESULTS
A. SALT TREATMENT Addition of NaCl to the root medium increased leaf WSD. The hormonal treatments had a marked effect on leaf water content of salinated plants, kinetin elevating it above and ABA decreasing it below the level observed in salinated control plants (Table I ). These hormones also affected leaf RNase activity of the salinated barley plants, kinetin increased and ABA prevented the rise in the enzyme activity (Table I ). The same pattern for both WSD and RNase activity was also observed in the assays taken at different times in the course of 9 days after salination. A close relationship existed between leaf WSD and RNase activity (Fig. 1) , irrespective of the hormonal treatments, which themselves affected leaf WSD, owing to the reversal of the usual effects of kinetin and of ABA on RNase activity. The well known effect of kinetin (20) and of ABA (5) on leaf Chl content were reversed in salinated plants (Table I) . Thus, the salinated, ABA-treated leaves contained more Chl per leaf area than kinetin-treated plants. These results brought up two questions. (a) Whether the reversal of the effects of kinetin and ABA results from a hormonal effect on salt uptake (7, 9); (b) whether the reversal of hormone effects is a result of a possible increase of ABA content in the kinetin-treated plants stemming from the increase in leaf WSD.
Our findings discount both possibilities (Table II) . (a) Both Table I . Effect of Kinetin and ABA on leaf WSD, RNase Activity, and Chl Content in Leaves of Barley Plants Growing in NaCl Solution Plants were grown 9 days in 20 g/l NaCl. Kinetin (4.6 x 10-6) and (3.8 x 10-6) were added to the root medium 48 hr prior to addition of NaCI. Data hormones retarded Cl-accumulation in leaves, kinetin more effectively than ABA; (b) kinetin prevented the increase in leaf ABA content even though kinetin-treated plants exhibited the highest leaf WSD (Table I) .
B. PROTEASE ACTIVITY
The good correlation that had been found between leaf RNase activity and WSD was also found between leaf protease activity and leaf WSD (Fig. 2) . The relationship between enzyme activity and cell water content was also evident when protease activity was plotted against leaf water potential (Fig. 2) rather than against leaf WSD.
C. RELATIVE HUMIDITY
The effect of RH on RNase activity in barley plants exposed to high osmoticum (NaCl or mannitol) was tested and two facts (Fig. 1) .
Further support for this interpretation comes from the laboratory of Dr. M. Tal. Recently Y. Puri and M. Tal (personal communication) found that in the wilty mutant of tomato flacca, which was reverted phenotypically to the normal genotype by treatment with ABA (8), leaf RNase activity was decreased. This effect was in contrast with the usual effect of exogenous application of ABA which enhanced RNase activity in the normal genotype.
The results of our various experiments, which tested the interrelationships between leaf-WSD, enzyme activity, and hormone effects in water-stressed plants, support the thesis that when leaf water declines below a certain level, it becomes a regulatory factor in leaf cell metabolism. Under these conditions, the major effect of kinetin and of ABA on the plant is exerted through their effects on leaf water. The following points seem pertinent.
(a) The stress-induced rise in RNase activity, similar to leaf ABA content (18) , was essentially prevented when the plants Plant Physiol. Vol. 57, 1976 were transferred to conditions of high RH in which the typical stress-induced increase in leaf WSD did not take place. (b) Good correlation was found between RNase activity and leaf WSD in leaves of plants exposed to increasing water shortage induced by drought (1) . (c) Good correlation was also found between RNase as well as protease activity and either leaf WSD or leaf water potential in plants exposed to salt-induced water stress. (d) This correlation was maintained irrespective of the hormonal treatments, which in themselves affected leaf WSD, owing to the reversal of the usual effects of kinetin and of ABA on the activities of these enzymes. (e) The usual effects of kinetin and of ABA on leaf Chl content were inverted in the stressed plants, in which these hormones exerted decisively opposite effects on leaf WSD.
